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*XX. Experiments for qfieri'aining the Point of Mercurial Con- 
gelation, By Mr. Thomas Hutchias, Governor of Albany 
Fo r t , in H u cl fo a * s B ay f * 

Read April 10, 17 S3. 

THE following; experiments, to determine the freezing 
point of quickiilver, were made by the direction of the 
Royal Society, at Albany Fort in Hudfotfs Bay, fituated in the 
latitude of 5 a 14' North arid 82 Weft longitude from Green- 
wich, 

The iriftruments ufed in thefe experiments were (imply ther- 
mometers, except the apparatus P and G«» furnifhed by Mr. 
cavendish^ and of thefe a more fatisfaftory idea will be 
formed from the annexed drawing than could be conveyed by 
words alone ; I have, thereforp, only fpecified a few -particu- 
lars,, fo that each inftrument may be diftinguifhed from 
another. 

1 have compared the inftrumetlts with each other for fever al 
weeks in the various temperatures, to adjuft, with the greater 
precifion, the relative degrees on the fcales ; which was the 
more rieceflary as they differed very much. 

The five firft experiments were made exaftly according to the 
diredtions fent to me by the Society, in order to obtain the point 
of congelation. The two fucceeding ones are alfo made in the 
manner they directed,, to endeavour to afcertain the greateft de- 
gree of contraction mercury is capable of; then follow two 

f This paper having been for fome time miflaid, could not be printed m its 
turn. This accounts for the double paging and fignatures* 
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*3'°4" ^ r * hutchins's Experiments for afcertalnhg 
experiments made in a different manner by my own fug- 
geftion ; and, laftly, an account of mercury frozen iii the open 
air without the aid of any artificial cold, which will be found 
to corroborate the preceding experiments, and determine the 
exa£t point of congelation to be at 40 below the cypher, I 
have been careful to mark down every circumftance attending 
the experiments, and have added a few obfervations to each of 
them, to elucidate any uncommon phenomena that occurred. 

If thefe experiments fliould be agreeable to the Royal So- 
ciety, the merit muft be attributed to the excellent inftru&ions 
they tranfmitted to me, which left me nothing to do but to 
follow them ; yet I cannot avoid doing juftice to the in- 
genious Dr. black, Profeflbr of Chemiftry at Edinburgh, 
who favoured me with fome remarks on the experiments I 
made in 1775 to freeze quickfilver ? and firft fuggefted this 
method of afcertaining the point of congelation, which I had 
the honour of communicating to the Royal Society by the 
means of samuel we gg, efq* whofe attention to promote 
the views of the Society can only be equalled by that liberality 
of fentiment and great goodnefs of heart which makes him 
encourage even the moft feeble attempt than can in the leaft 
tend to the improvement of knowledge. 

THOMAS HOTCHIN3* 



JDr, 
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Dr* black's Letter referred to akve* 

DEAR S I R^ Edinburgh, 5th 0£L 1779* 

1 HAVE read with great pleafure the experiments made at 
Hudfon's Bay, upon the congelation of mercury , and obferve 
that the author has fucceeded perfectly in effe&ing it ; but 
could not determine with precifion what degree of cold was 
neceffary to produce it* This, however, does not furprize me, 
as I have always thought it evident, from Profeffor braun's 
experiments, that this degree of cold cannot be difcovered 
tonveniently by congealing the mercury of the thermometer 
itfelf. I (hall not here give my reafons for this opinion ; ; they 
would lengthen out this letter too much ; I (hall only propofe 
what appears to me the proper manner of making the expert 
ment, which is as follows : provide a few wide and (hort tubes 
of thin glafs, fealed at one end and open at the other ; the 
widenefs of thefe tubes may be from half to three-quarters of 
an inch, and the length of them about three inches. Put an 
inch or an inch and an half depth of mercury into one of thefe 
tubes, and plunging the bulb of the thermometer into the mer- 
cury,^/ the tube with the mercury and the thermometer in it into 
a freezing mixture, which (hould be made for this purpofe in a 
common tumbler or water-glafsj and, N. B. in making a 
freezing mixture with (how and fpirit of nitre, the quantity of 
the acid (hould never be fd great as to diflblve the whole of the 
(how, but only enough to reduce it to the confidence of Pa- 
nada. When the mercury in the wide tube is thus fet in the 
freezing mixture* it (the mercury) mvifl be ftifred gently and 
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^3°& -A^* hutchins's Experiments for ajceriatnlng 
frequently with the bulb of the thermometer ; and if the Gold 
be Sufficiently ftrong, it will begin to congeal by coming thick 
and broafy like an amalgam* As foon as this is-obferved, the 
thermometer fhould be examined without lifting it out of the 
congealing mercury; and I have no doubt, that in every expe- 
riment, thus made, with the fame mercury, the inftrument will 
always point to the fame degree, provided it has been made, 
and graduated with accuracy, 

lam, DEAR SIR, 

Your faithful humble fervant* 



JOSEPH BLACK. 



To Mr. Andrew graham, Edinburgh, 
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Thermometers defribed, 

A. Reprefents a mercurial thermometer, with an air-bulb at 
the top, graduated 628 degrees below the cypher* and 
marked at every fecond degree. Makers nairne and 
blount; the fcale box- wood.. 

B« Another mercurial thermometer graduated to 5 26 below 
the cypher, each line reprefenting 2°, made by nairne-. 
and blount ; the fcale box- wood* 

Ca Is a fine mercurial thermometer, with an air-bulb at the 
top graduated 2300 below the cypher, each divifion con- 
taining 5 ; the fcale made of box, by thrcughton, 

D. A fmall fpirit thermometer on a box fcale, made by 

throughton, and divided to every fingle degree down ; 
to 160 below the cypher* 

E. Another fpirit thermometer, by the fame maker (through- 

ton) graduated 90 below the cypher ; the fcale box. 

F. A fmall mercurial thermometer, on an ivory fcale, divided 

at every 5 between 220° above and 250 below, the 
cypher ; made by nairne and blount* 

G. Another mercurial thermometer, every way like the laft 

mentioned, except only reaching from 215 above to 250 0, 
below the cypher ; by nairne and bloun t. 

H. A fpirit thermometer, made by nairne and blount, 
with which I have made meteorological obfervations from, 
the year 1774. 
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Put them into a tumbler of mow* 
Added the fpirit of nitre. 
Thermometer defcends quick and eqiu 
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Made a fecond freezing mixture* 

Removed the inftruments into the fecond mixture* 



Added morefpirit of nitre to the freezing mixture. 

[ Took the apparatus out of the freezing mixture, 
I found it frozen^ and immediately re-placed it. 



i 



Took the apparatus out again, and endeavoured to 
withdraw the thermometer, but could not effect 
it, the quickfilver in the cylinder being frozen ; 
put the apparatus again into the mixture. 



Made a third freezing mixture, 



Removed the inftruments into the third mixture. 



Went away to warm myfelf. 
Returned. 
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Remarks aad Occurrences* 



: f Put a fpirit thermometer (I)) into the freezing! 

\ mixture along with apparatus and the mercurial | 

.thermometer* 



Took out the fpirit thermometer (!>)..«, 
Put -in another 'fpirit thermometer (E) 



Took out the fpirit thermometer (E)» 

Removed the Inftnimerits back Into the iecond 
mixture. 
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Experiment 
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Experiment I. made December 15, 1781. 
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Remarks and Occurrences* 



Removed the inftruments back to the 3d mixture, 



Went away, to warm myfelf. 
Returned. 



Put in the fpirit thermometer (P), 



(Took out the apparatus; the quickfilYer was . 
^ perfectly fluid, and the inclofed thermometer. 
t (F) was eafily withdrawn, j 
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Remarks and abfervations on thejirji experiment. 

Finding the thermometer on Thurfday evening, the 14th of 
December, was 1 8° below the cypher, I concluded the morning 
would afford me an opportunity to make an attempt to fix the 
point at which quickfilver begins to freeze ; I therefore put^ a 
bottle of fpirit. nitri fortis upon the top of the houfe in open air, 
that it might be of the fame temperature when it was to be 
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tiled. The thermometer had been hong up before, three weeks, 
in the open air, to compare their fcales. At 7 o'clock m the 
morning of the 15th, the thermometers were about 23 below 
nought ; 1 therefore made preparations for the experiments, 
getting the quickfilver out into the aii% providing glafs tumblers 
for mixing the nitrous acid with the fnow, &c. I put as much 
quickfilver into a glafs cylinder as (when the thermometer (F) 
was introduced) juft filled the bulbous part of the cylinder ; the 
icale of the thermometer did not reach the length of the tube 
by about three inches ; and the bare part of the tube was woun.d 
round with red worfted in two places, to a thicknefs fufficient 
to fill the upper part of the orifice of the cylinder in order 
to exclude the external air : now, as the quickfilver only 
filled the bulb, there was a (pace of near half an inch left 
empty between the quickfilver and the neareft piece of worfted, 
fo that, by inclining the apparatus, the quickfilver readily ran 
out of the bulb into the other part of the cylinder. This was 
done with an intention to difcover the more eafily when the 
quickfilver ceafed to be fluid ; for, by taking the inftrnment out 
of the freezing mixture, and elevating the lower end, the 
quickfilver, if not frozen, would run into the void fpace. 

The experiment was made in the open air, on the top of the 
Fort, with only a few deer-fkins fewed together, placed to 
windward for a fhelter : there was plenty of fnow (eighteen 
inches deep) upon the works, and the thermometers were dole 
at hand. In thrufting the thermometer (F) into the quickfil- 
ver, the inftrument role to the cypher, but loon began to de™ 
fcend again ; but being unwilling to lofe time, 1 ftuck the 
apparatus into the fnow, the fooner to bring it to the tempe- 
rature of the air, 

The 



the Point of Mercurial Congelation, *^j t 

The table will fully explain the procefs. 1 was in hopes, by 
fluffing the inftruments into three frefh mixtures, I fliould 
have been able to have produced a greater degree of cold than 
by one only ; yet it did not. I added more fpirit of nitre, but 
without effect* At loh. 3' 35" I took out the apparatus, and 
raifed the bulbous end. to make the quickfilver run, but found it. 
Was frozen , fo that it did not alter its figure in the leaft. 1 then 
placed it in the mixture, where it contined till 10 h, if', when 
1 made another trial as before, but without perceiving any alte- 
ration : however, to be more certain of its being frozen, I pro- 
pofed to take out the thermometer ; but all the ftrength in my 
fingers could not move it in the leaft, fo that myfelf and offi- 
cers, who flood by, were convinced it was frozen faft. I then 
made another mixture in hopes to augment the cold, and make 
the inclofed thermometer (F) defcend ; however, feeing no alte* 
ration, I went into the houfe to warm myfelf, and on .my 
return found it had fallen 3 , 1 tried the coldnefs of the mix- 
ture by different fpirit thermometers, and afterwards ftift^d the 
inftruments into the mixture from whence I had taken them ; 
but this diminifhed the cold by the thermometer, fo that I 
ire-placed them again in the third mixture, and the quickfilver in 
the thermometer defcended again to its former point 44 8°. I 
continued obferving it fome minutes, when the cold obliged 
me a fecond time to retire, and on my return found both the 
thermometer and apparatus riling : on dipping a fpirit ther- 
mometer into the mixture, I found it had a considerable degree 
of coldnefs/ and both the apparatus and mercurial thermometers 
were nearly equal I then took them out, and the quickfilver 
in the cylinder was as fluid as when it was firft poured in. 

I fhould have obferved, that during the time I was pouring 
in the fpirit of nitre at the beginning of the operation, 1 was 

HJ u z 
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fo engaged in mixing it with the fnow, that I did net fee 
the thermometer in the apparatus fink to 40 , which muffc 
have been very Hidden, becaufe I was but one minute before 
I obferved it I could obferve no alteration in the quickfilver 
in the cylinder when it was frozen, and intending to make more 
experiments, I was unwilling at this time to break the glafs. 

The time was taken by a good watch which fhews feconds* 
and ("which however I apprehend can be of little eonfequence) 
about 5 / 10" too fait by apparent time. I had two affiftants ; 
one to repeat audibly every iccond, and the other to write 
down the time and the obfervations as faffc as I made them. 

The obfervations were taken down with a pencil, but copied' 
fair with ink into my note book : they were compared the fame 
day the experiment had been made, to avoid miftakes; and 
thefe remarks were written at the fame time, whilft the remem- 
brance of them was yet ftrong on the mind* 

The thermometers ufed on this occafion- weie thofe marked; 
Jk and F* 
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the Point of Mercurial Congelation, 



# 



3 2 3 



Experiment II. made Dec. 16, 1781. 



Time per 

Watch. 



8 
8 
8 
8 



8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 
8 

8 

8 

8 

8 

8 

8 



19 
2 1 
21 

o 1 
1 

2 3 
23 

24 
24 



1 1 

3° 

3° 

45 
12 

40 

o 

3 1 

50 
o 

15 



O 



o 



jo 
12 



24 40 
24 50 



2 5 

2 5 

25 

25 
26 

26 

26 

26 



o 
19 
29 
46 

o 

12 

24 

43 



27 o 



27 
27 
28 
28 
28 
29 
29 
29 



22 

42 

o 

29 

45 
o 

25 
52 



8 30 20 



8 
8 
8 
8 
8 



«<Ma» 



3° 
31 
31 
31 

3 2 



5o 
20 

28 

43 

o 









< 



o ,4 



40 
40 
40 
09 

38 

40 

43 
44 

58 
66 

76 

80 

84 
90 

94 

ioo 

104 
no 

116 

126 
138 
146 

158 

164 

168 
176 
180 

184 

210 
160 
156 
148 

*52 



? 



n 






4 

'■'6 

36 
32 
29 

3° 

34 

36 

40 

43 

43 
40 

40 

40 

4P 
40 

40 

40 

40 

40 
40 
40 
40 
40 
40 
40 
40 

40 

40 
40 
40 
40 
I 40 
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Remarks and Occurrences, 



Put the inftruments into a tumbler of fnovv. 
Began to pour in the ipirit. nun fortis. 



A large proportion of fpirit of nitre poured in. 
Adding mow to the mixture^ it being too thin. 






r Added more fnow, the quantity of the mixture 
I beingfmall. 



f Found the mixture did not cover the bulb of the j- 
1 mercurial thermometer, * 

Poured in more fpirit of nitre* 

Put in fnow by degrees, and ftirred the mixture. 
Ditto, 



i wMii ■ "■' 
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* 



: *j 2 4 Mr. HtJTCHiNs's 'Experiments for qfmimnmg 



Experiment If, made December t$ 9 ijBi 





e d 


* 


E 




Time per 


- 


% £ 


• *-« c 




Watch. 




Oh ZS 




Re ma rks an d . Ocg u r ren ccs * 




£■* 


< 




: 


h. , „ 










8 32 10 


156 


40 


— 




8 32 20 


l62 


40 


-— 




8 32 3 1 


168 


40 1 


- — 




8 32 48 


178 


42 1 


— 




8 33 ° 


188 


43 


— 




8 33 J 5 


194 


44 


— 




8 33 26 


200 


44l 


s— *• 


.fThe mercury itt the apparatus thermometer funk 


8 33 39 


206 


92 


^S. 


«{ fo inftantaneoufly, 1 couid not catch any inter* 
L mediate degrees, 


8 33 47 


206 


95 


/ 




8 34 


206 


95 


. 




8 34 21 


206 


95 


— 




8 34 35 


206 


95 


— 




8 35 ° 


206 


95 







8 35 3° 


206 


95 







8 36 


206 


95 


» 




8 36 3b 


206 


95 


, 


Put in the fpirit thermometer IX 


8 37 


206 


95 


3° 




8 37 3° 


206 


95 


32 




8 38 


206 


95 


33 




8 38 3° 


206 


95 


33 




8 39 ° 


206 


95 


33 


Made a frefh freezing mixture* 


8 40 


2C6 


95 


33 


Removed all the inflruments into it* 


8 41 


206 


95 


33 




8 42 6 


206 


95 


33 




8 43 G 


206 


95 


33 




8 44 


206 


95 


33 




8 45 ° 


206 


95 


33 


• 


8 46 


206 


95 


33 




8 46 30 


206 


95 


33 


f Toole out the apparatus, and found the quick filver 
1 in the cylinder frozen 5 replaced it. j 


8 46 54 


206 


95 


33 




8 47 


206 


95 


33 


[From 8h. 47' to 9I1. n f employed in making 
1 the iiext experiment* 


8 48 


206 


95 


33 
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Experiment IL made December i6 f 1781* 



Time per 
Watch. 



9 11 



o 



£ O 
o 

£ o 

^^ 
H 



206 



9 50 





206 


*° 35 





378 


10 37 


10 


348 


10 38 





320 


10 38 


40 


310 


10 39 


30 


306 


io 40 


3° 


296 


10 41 


20 


290 


10 41 


50 


284 


10 42 


*5 


280 


*° 43 





273 


10 43 


50 


260 


10 44 50 


250 


10 46" 


10 


234 


10 46 


40 


227 


10 47 





2 2-i. 


io 47 


3° 


2l6 


10 48 


15 


206 


10 48 


35 


202 


10 49 


10 


194 


10 49 


30 


189 


10 50 





182 


10 50 


20 


I77 


10 50 50 


170 


10 51 


!5 


164 


10 51 


40 


156 


10 52 


20 


147 


io 52 


5° 


Hi 


Jo 55 


5 


112 


10 55 


3°. 


IO7 


10 56 





I02 


io 56 


J 5 


98 


10 56 


35 


94 


10 56 50 | 


91 
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95 

95 
Bulb 

D° 
D° 
D° 

r° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° 

D° ' 

D° 

D° 



a 



3 2 1 

3 1 ! 
27 



2 



7 



27 



26 

26 



* i- wH '» w«vi ^ w »^i* ^ i iiiM <' n' ' »wy"«* w ii » " »* ft ' " 



»«&8 tf « **« H a i l>W<i|yi l )l l fcaw * w < 



26 

26 
26 



2 54 



25 



Remarks and Occurrences • 



['Went to breakfafl:, and 3 feeing no alteration, in- 
•^ tended only, to return now and then, it being 
I Sunday, and prayer time being at hand. 



f Took the apparatus out to examine it ; then put it 
1 in again* 



Stirred the Inftruments about in the mixture* 



ffg i cB g igi» ga«fea< gs8JSBasg^^ 
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Experiment II. made December 1 6, 1781* 



Time per 
Watch. 



11 • . 

10 57 

10 57 

10 57 

10 58 

10 58 

10 5 8 

i° 59 

10 59 

11 o 



r 1 

11 

11 

1 1 
1 1 
ii 

M 

II 



11 
1 1 
U 

11 

11 

11 
1 1 
11 
11 
11 
1 1 
11 
1 1 

1 1 

11 
11 



o 
o 

I 
I 

2 
2 

3 

3 



10 

3° 

45 

5 

3° 

45 
10 

30 
•0 

*5 



11 4 



4 

4 

4 

5 

5 

5 

S 

5 

S 
6 

6 

6 

6 

6 

7 

7 
7 



o 

20 
c 

3° 

o 

3° 

■o 

00 

3° 

40 

So 

o 

10 
20 

33 

44 

55 
ic 

20 

3° 

40 

50 

o 

10 

20 



o 

S £ 
S IS 



86 
82 

79 

75 
70 

67 

62 

5* 

53 
So 

47 

44 
41 

40 

39 
39 
39 

,5° 2 

38 
33 



3 



3 
38 

38 

38 
38 

3^ 

38 



a 



CO 



8 



?8 



3 

3 

37 

37 

37 

37 

37 

37 






Bulb 
I) J 
D° 
D° 
D° 
D° 
D° 
D° 
D° 
D° 
D° 
D° 
D° 
D° 
D° 
T) J 

D° 

235 

225 

220 
218 

205 

195 

183 

172 
163 

*54 

140 

130 
120 
1 10 

97 
87 

78 

67 



4-J Q 
U p 



25 



24I 

•4r ^*- ; y 



Remarks and Occurrences* 
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The mercury in the apparatus thermometer railing I 
up the tube from the bulb. 



nna^tta.^^* 1 »;««* 






'the Point of Mercurial Congelation* 
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Experiment II. -made December i6, 1782. 



i 

Time />^r 

Watch, 



|-h. 

11 
11 
11 
11 
11 

11 
11 



// 



7 4° 

8 o 

8 20 

8 40 

9 »5 
9 3o 

15 o 



S is 

C o 

« "3 

H 



37 
37 
37 

37 

37 

37 
36 



1 

is • 

< 



47 

33 
38 
38 

371 

37 

35 



,rj .6 



co 



0) 



2 3l 



Remarks and Occurrences, 



23 I 



f Examined apparatus , quickfikei: in the cylinder 
I perfectly fluid . 






This experiment was made with the fame inftrumeuts as the 
preceding, and the quickfilver which was left yefterday in the 
cylinder was the fame now. employed, I was rather unfortu- 
nate in making too fmall a quantity of the freezing mixture at 
the beginning, which obliged me to make repeated additions to 
it : by this means the operation was not only retarded* but 
fometimes it even undid what had been done ; for in pouring in 
the nitrous acid it was unavoidable but part of It fliould come in 
contaft with the bulbs of the'inftruments before it was mixed 
with fnow. In this cafe it never failed making the thermome- 
ters rife fuddenly much higher than where they flood before 
the fpirit was added ■; and at length it only defcended to 206% 
which is not half fo low' as 011 the preceding day, though the 
temperature of the air was ten degrees colder (viz. 34 ) : yet it 
is remarkable, that though the thermometer was fo much 
higher, the apparatus was funk more than twice as low as the 
day before ; for after having been long ftationary at 40% it funk 

Vol. LXXIH. *X x ' to 
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to 95 * I then made a frefn mixture, but it had no effed any 
way during three quarters of an hour I attended to it after- 
wards. During this idle interval I made the third experiment. 
Finding no alteration, I went down to breakfaft,. and on my re- 
turn was furprifed to find the quickfilver in the apparatus ther- 
mometer had fubfided into the bulb, and the ftandard thermo- 
meter had been very low (how low I cannot tell) ? and was 
rifing briikly* The fpirit thermometer alfo ihewed the mix- 
ture had a lefs degree of cold than before. To be certain that the 
quickfilver in the apparatus thermometer was in the bulb 9 I 
look the apparatus out of the mixture, and examined it mi* 
nutely for half a minute, till 1 was quite certain of it ; and 
alfo that the quickfilver in the cylinder was frozen r and it is 
remarkable, it did not liquify in all that time, 

The obfervations were made with the greateft attention, and 
|on. every particular occafion) noted down as quick, as- poflibk* 




the Point of Mercurial Congelation* 



^ 
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Experiment III. made December 1 6 $ 1781. 



JkMk, 



I 



Time p*r 
Watch, 



h. 



// 



8 55 55 

8 56 
8 56 
8 56 

3 57 

8 57 
8 58 

8 58 

8 59 

8 59 

9 o 



9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 



2 
2 

3 

4 

4 

4 

5 
6 

6 

7 

7 
8 

9 



10 
21 
42 

o 
26 

o 

58 

14 
40 

o 

34 
o 

22 
o 

3° 
o 

P 
21 

40 

12 

o 

3° 
o 

40 

20 

o 






9 *o 30 

9 50 o 
10 55 40 



B. 

34 
40 

41 

42 

43 

43 

43 

54 
60 

64 

68 

70 

75 
78 

82 

85 
88 

94 

94 
98 

104 
106 

1 08 

no 
112 
114 

116 

40 



Cf CO 

Or** 



i b 

- 8 
.fa S 

h 



G. 

35 

40 
41 
42 
42I 

43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 

40 

40 
371 



E. 



27 
30 

32 
32 

32 
32 



Remarks and Occurrences. 



mmmmvmx»* K&wm> m ! p< 



put them into the firft freezing mixture ufed in 
the preceding experiment. 



Put the fpirit thermometer (E) into the mixture. 






-. 



f The quickfilver in the apparatus w£s fluid, but 
<{ feemed thick and in grains, fomewhat like crumbs 
Lof bread ; replaced it again, and went to breakfaft* 
Examined the quickfilver again, it was frozen hard. 
The quickfilver as fluid as ever. 



This experiment was made during the continuance of that 
which immediately precedes it 5 as may be feen by examining 

*X x % the 
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the time by the watch, and was the effect of chance; for the^ 
fir ft freezing mixture, which had been ufed In the fecond expe- 
riment," ftandinjr hi the glafs clofe to me (and the other inftru- 
ments being long ftationary, did not require particular atten- 
tion), I took down the then.iiom.eter (G) and charged its cylin- 
der with qutckfilver, as in the other examples, and fufpended 
it in the old mixture, together with the mercurial thermometer 
CB) and a loirit thermometer; the- mixture ieemed to have loft 
much of its coldnefs, as appeared by the thermometers. It 
feemcd very extraordinary to me, that the apparatus, after 
having been fo long ftationary at 43°, fliomld yet contain 
fluid quickfilver ; but both myfelf and affiftant thought 
it was thicker than ordinary, as it did not run freely, 
but feemingly in pieces- (not globules). : however we put it 
back again into the mixture, and fet it by as of no further 
life ; but returning after breakfaft, we found it was firmly 
frozen, fo as to give no appearance of fluidity though the in- 
cluded thermometer was only at 40°, which I look upon to be 
. the exa£fc freezing point of ouickfilver ; and then the congelation 
was in fait begun before, and effected by only a longer conti- 
nuance in the feme degree of cold- 
It may be neceffary to mention, that the fpace between the 
bottom of the ivory feale to the bulb of the thermometer (F) 
which made part of the apparatus ufed in the fecond experi- 
ment, was two inches nine-tenths..;, and when taken with a 
pair of compaffes (dividers) with one foot placed at the cypher o 
on the graduated fcale, the other extended to 1.48 if meafured 
upwards, and to 16 f if meafured -downwards, for the divifiona 



% 

were unequal 
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Experiment IV* made January ** 3 1782* 



Time per 

watch. 


u 

e & 

•-< 

-3' £ 


8 

u 
Q* 52 


• 

a 
"S s 




H -° 


■^1 


H 


h * i H 




87O 


35 


30 


— 


8. 9 45 


35l 


27 


— . 


8 10 40 


—~ 




— - 


8 11 


42 


42 




8 12 30 


— . 


— . 


— 


1 8 13 15 


68 


42 


— . 


8 13 35 


78 


42 




8 14 

« 


92 


42 


— 


8 14 is 


100 


42 


— 


8 14 30 


108 


42 


«— 


8 14 45 


116 


42 


~— 


8 IS 


126 


42 


— 


8 IS IS 


*34 


42 


. «_ 


8 IS 3° 


140 


42 


— 


:: 8 iS 45 


146 


41! 


— 


8 16 20 


160 


4i| 


— 


8 16 30 


166 


413 


— 


8 16 45 


171 


41 -I 


— - 


8 i7 IS 


182 


4i| 


•— 


8 17 45 


191 


4i| 




8 18 


196 


4if 


— 


8 18 i 5 


202 


4i| 


— -• 


8 18 30 


208 


4i| 


--• 


8 1845 


212 


4i| 


— 


8 19 30 


232 


77 


— 


8 19 40 


240 


77 


— 


8 20 30 


258 


771 


_ 


,8 20 40 


262 


771 


— 


8 21 


270 


771 


— 


8 21 15 


278 


77l 


— . 


8 21 45 


280 


771 


— 


8 22 


286 


771 


— 


8 22 30 


293 


771 


~~ 


8 22 35 


298 


77l 


— 


8 23 


302 


78 


— 


8 23 is 


3°5 


78 


- _.. 
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Put the inftniments Into a tumbler of fnow. 

Added the fpirit of nitre* 

f Added more fhow to increafe- the quantity, of 
1 mixture. 
Added more fpirit,, 



the 



The defcent in the apparatus therm* vtrj quick-, 
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Experiment IV, made January 7, 1782, 



1 * 


» 






B O 


8 

crt 


S 




Time per 





Ctf to 


w O 




Watch. 


l~i 


a, p 
a, ^ 
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8 23 30 


3°9 


78 






8 24 


316 


78 


— 




8 24 15 


3*9 


78 


— 




8 24 30 


322 


78 


— . 




8 24 45 


327 


78 


-~ 




8 25 


329 


78 


— « 




8 25 15 


332 


78 


— 




8 25 30 


336 


78 


— . 




8 25 45 


338 


78 


«*. 




8 26 


342 


78 


— 




8 26 15 


345 


78 


— , 




8 26 30 


348 


78 


~«= 




8 26 45 


35i 


78 


— 




8 27 


354 


78 


„-» 




8 27 15 


356 


78 


— ■ 




8 27 30 


359 


78 


I ' :r=Ii °* =, 




8 27 45 


361 


7 8 


«— 




8 28 


364 


78 


F,-.-ltT 




8 28 15 


366 


78 


■ — 




8 28 30 


368 


78 


-«. 




8 28 45 


37o 


78 


— 




8 29 


373 


77 


' 


1 


8 29 15 


376 


n 




■ 


8 29 30 


378 


77 






8 29 45 


380 


77 


— » 


Stirred the mixture* 1 


8 3° *5 


386 


77 


«— . 




8 30 30 


388 


77 


_» 




8 31 


392 


77 


— 




8 3 1 J 5 


394 


761 


— 


< 


8 31 3° 


396 


761 






8 31 45 


398 


76* 


_ 




8 32 15 


402 


76! 


— 




8 32 30 


4°3 


76 


— 




8 32 45 


404 


7 6 


— • 


I 


8 33 


A.06 


>/6 


— . 


1 


8 33 15 


408 


76 


— > 


Put in fpirit thermometer (!))• 1 


8 _2±_2. 


412 


76 


3*£ 





Experiment 



the Point of Mercurial Congelation*' 



232 

<JmiJ 



Experiment IV. made January 7, 1782. 



Time per 
Watch. 



h. 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 



8 



8 



34 
35 

35 
36 

36 
36 

3 6 
37 

37 

37 

37 

3^ 
38 

3° 
39 
39 
39 

40 
40 
40 
41 
41 
41 



8 
8 
8 
8 



3° 
o 

3° 
o 

15 

30 

45 
o 

3° 

45 
o 

3° 

45 
o 

J 5 

30 
o 

3° 
45 
*5 
3° 
45 
15 

4*2 I C 

47 ° 



O ^ „ 






8 
8 
8 
8 



47 

48 

49 
49 

SO 



8 ci 



3 6 
o 

30 

o 

3° 
o 

3° 
o 



416 

418 

422 
424 

425 

425 
427 

428 

429 

43° 

43° 
431 

432 

433 

434 

435 

4351 

436 

43 6 
43,7 
438 
438| 

439 

440 

44o 
440 
440 

43 8 
448 

448 

448 

448 

449 

449 
450 

450 



V Ti-<ir»irtr>wiiii>iiii<i.*Mw»^m«-.» 



4-) 



B 
o 



76 
76 
76 
76 
76 
,76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 
76 

f V 

76 
76 
76 

75i 

/J 2 

75 
76 






77 
77 
77 
77 
77 
77 






«•• 



||»teMfr . i ^ftaw^^ 



8 52 0)450 I 77 



|H 



«»'lWWiawm,H|fo 



32 

3^ 

3^ 

32 

32 

3 2 

32 
32 

32 

32 

32 
32 

32 

32 
32 
32 
32 
32 
32 
32 

32 

32 

3*f 

3 X 2 

3*i 

3 1 
31 

34s 
35 

35 
35 
35 
35 
35 
35 



J-s 



Remarks and Occurrences, 



EB»«!«*»W«^W*S 



f 



Made a frefh mixture,.. 

Removed the inftr* into -tlie.&ew fre^a 



nig mtxt 



ure. 



wrtijwffrj ) pn i t piiria « 



xpenmenfc 



« 



334- Mr. hutchins's Experiments for afceriaining 
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8 

8 

8 

8 

8 

8 
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9 
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9 
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56 
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58 
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o 
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2 

3 

4 
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6 

7 
8 
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10 

11 

12 

13 

14 

15 
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45° 

450 

45° 

45° 
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Examined the apparatus; found all fclid. 
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9 47 


9 48 
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*gj6 Mr* butchins's Experiments for afce flawing 

Experiment IV- made January 7 9 1782. 



Time p*r 
Watch, 
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10 

10 
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10 

10 
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10 
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iO 
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10 
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I 

I 
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2 
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u 
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o 

*5 

3° 

45 

o 
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45 
3° 
15 

4 45 

5 o 

5 3° 

6 o 

6 30 

7 3° 

8 o 

8 30 

8 46 

9 o 
9 10 
9 20 
9 40 

9 5° 

10 o 

20 30 

11 10 

12 o 

12 30 

13 o 

J 3 3° 

14 o 

14 3O 

J 5 ° 
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240 

Bulb 

D° 



■UJ 



? J0 



o 



) 

3° 

)° 

)° 

)° 

)° 
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3° 

3° 
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3° 
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3° 
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Filled up the tumbler with a former mixture* 
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Made a frefh mixture, 

Pat the inftruments into a frefh mixture* 
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the Point of Mercurial Congelation, 
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Experiment IV* made January* 7, 1782, 
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10 
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17 
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18 
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20 

20 
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22 
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29 

30 
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Whilfl: examining the apparatus, part of the] 
quick filver turned fluid* 



The center of the quickfilver appeared globular 
and folido 
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Experiment IV. made January 7, 1782. 
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Experiment IV. made January 7, 
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I i 40 o 

II 40 30 

11 41 o 
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11 42 o 
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11 43 o 
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1 1 44 o 
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11 45 o 
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11 48 o 
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The quickfilvcr in the apparatus thermometer 



riling fall in the tube* 
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the Point of Mercurial Congelation. 
Experiment IV. made January 7, 1782 
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27 
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Found the quick ill ver wholly thawed in the cylinder. 



2 



This experiment was made with the mercurial thermometer 
(A) and the apparatus (F) as in the firft and fecond experiments. 
The day was clear, with little wind at W. by S. or W.S, W. 
which I have obferved to be generally the cafe in this country in 
the coldeft weather. The thermometers at 8 o'clock were as 
follows, according to the rotation of the letters from (A) to (G), 
39°i> 36°!, 35°, 25 , 25°, 34°i, 34 below the cypher. The 
apparatus thermometer (F), after Handing at 42 and 41°! for 
a confiderable time, funk at once to 77 , not gradually or by 
jumps, but fuddenly, as a weight falleth. The great defcent of 
the quickfilver in the index thermometer (A) to 440 in the firft 
freezing mixture I impute to the coldnefs of the weather, but 
was furprifed to find it did not fink more than io° lower in the 
fecond mixture ; and in the third it did not reach fo low as in 
the preceding, which, indeed, might be accounted for by the 
air growing warmer as the fun approached the meridian. At 
10 h. 6'f I poured fome of the firft mixture into the tumbler 
where the inftruments were immerfed in the fecond, but found 
it weakened it ; I therefore mixed a frefti one at 10 h. i6 / . It 
is however remarkable, that after pouring in the firft mixture 

A Oil 



*34 2 ^ r < hutchins's Experiments for ajoeriainmg 

on the fecond, the apparatus, which had rifen a little before, 
funk fuddenlj into the bulb. I have marked its progrefs as faft 
as I could catch it. Another extraordinary circumftance In 
this experiment is, that the mercurial thermometer (A) fhould 
not fubfide lower in the third than in the fecond mixture ; 
whereas the fpirit thermometer fliewed an equal degree of cold ? 
while the quickfilver in the apparatus thermometer was In the 
bulb. At i i h. 21' I took the apparatus out to examine It, and, 
by (baking it in my hand, all of a fudden fome of the quick- 
filver in the cylinder liquified ; the concuffion perhaps diffolved 
its folidity, for it was not above a minute out of the mixture* 
Wondering much at thisunexpe£ted phenomenon, as the quick- 
filver in the thermometer did not rife, I put it Into the mixture 
again immediately; but finding the inclofed thermometer 
fliewed no alteration, my curiofity determined me to examine it 
again ; therefore, about four minutes after, I took It out a 
fecond time, and found the furface of the quickfilver In the 
cylinder was liquified about one-eighth of the whole quantity, 
as near as 1 could guefs "\ the reft formed a folid ball, including 
the bulb of the thermometer, which eafily accounts for the 
quickfilver in that inftrument remaining ftationary. Wlfhing to 
obferve the whole procefs, and the cold being too fevere for the 
fame perfons to ftand in the open air for fo long a time, I de- 
fired one of my officers, with an afliftant, to mark down the 
obfervations at the times I went to warm myfelf, but by no 
means to make any alterations in my abfence; by this means 
the obfervations were continued regularly for near four hours. 

At the end of the experiments the thermometers (B), (C), 
(D), and (G), ftood as follows, i8°|, i|°, 9°!, 15, which 
fliews the alteration In the temperature of the air from the 
beginning. The thermometers (A), (D), -and (F), were ufed 

In the experiment. 
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Making the freezing mixture-- 

Put the infkuments into the mixture* 



Added more fobw, 



Added more fnow* 

Added more fnowv 

The quick filver in the cylinder fluid, 



Made a frefh- mixture* 
[ Removed the inftruments into the new 

mixture. 



The quickfilver in the cylinder Ml fluid* 
Put in mercurial thermometer {B)„ 



,<! 



■ 
;* : 



■ 

The quickfilver in the cylinder folid frozen,, 
Took out all the inftruments. 



Remarks on the fifth experiment. 

1 had not intended to make any more experiments of this kind 

thinking thofe already made had fully determined the free£* 
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ing point of quickfilver ; but the arrival of a gentleman, who* 
wifhed to fee it, induced me to repeat it again. The weather 

was clear and ferene, the wind about 8.S.W,, and the feveral 
thermometers flood as follows, A 8 2°, B 66°, D 34% E 34% 
F 42% G 42% H 46% at {even, o'clock in the morning; and 
at eight o'clock they were A 78% B 114% D 29°!, E 29°!, 
F 29°!, G 40°, PI 43 ; yet it is remarkable, that quickfilver 
which was conftantly expofcd to the air in a fancer was not 
froze. I impute the fmall defcent of the quickfilver in the ther^ 
mometers to the great degree of the cold in the atmofphere as 
in the fixth exoeriment, for there the effect was fimilar. The 

-Is. 

moil remarkable circumftance in this day's operation was the 
fudden defcent of the quickfilver in the apparatus thermometer, 
and the length of time it continued at 79 before the quick- 
filver in the cylinder became folid. The freezing mixture re- 
taining an equal degree of cold for fo long a time (as appeared 
by the fpirit thermometer), and the confequent fbtionary folia- 
tion of all the inftruments, I apprehend, proceeded from the 
continual cold in the circum-ambient air ; for at one o'clock 
the thermometers were rifen but very little, being as follows* 
A $fj B 32°, D 2i°, E 22% F 30% 630% H 3.4% the wind 
blowing brifk from N. W* 
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Put the inftruraents into the frefli mixture* 
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Took out all the Inft-ru meats, 



nis lingular experiment, though it did not anfwer the in- 
tention, for which it was principally defigued, yet afforded 
many -ftriking phenomena which I (hall mention in % the courfe 
of thefe remarks. After a cold night, the quickfilver in the ther- 
mometer was at 44 below o at feven o'clock in the morning :• 
thinking this great degree of cold was the moft favourable op- 
portunity of obferving how low it was poffible to make the 
quickfilver -defcend in the tube of the thermometers, I refolved 
to embrace it, and at the fame time to obferve the concurrent 
degrees with a fpirit thermometer ; but as thofe fent out to 
me in 1781 (D and E) differed fo much from the thermometers 
of quickfilver, I refolved to make ufe of another fpirit thermo- 
meter made by nairne and blount, and which was alfo fur- 
niihed me by the Royal Society in 1774. With this inftru- 
inent 9 which I call the ftandard, and marked with the letter 
H, I have made obfervations eight years, and found it agree 
very well with others made of quickfilver ; and the more rea- 
dily to difcover the variation of (D), I employed it alfo in the 
fame experiment ; but before I began the following obfervations 

^A a a 2 wen 
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were taken, the inftruments all expofeci to the open, air,. 
where -they are" continually- kept. The thermometers are 
marked 1 from (A) -to (H)>; and the ohfervatioiisare regularly in 
that order, 
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It is obfervable, that neither the quickfilver which was in 
the cylinders affixed to (F) ? and (G) 9 nor the other quickfilver 
which I eonftantly kept in the fame place, fome in a : lancer, 
fome in a gallipot, and fome in a phial, fliewed the leaft ap- 
pearance of congelation. Being engaged in preparing for the 
enfuing experiment, I did not remark either the great "defcent or 
afcent of the quickfilver in (C)V which muft have been very 
fudden, as my remarks are only five minutes afunder. 

It may be neceffary to mention, that the thermometer fH) 
was mounted on a fcale the whole length (as ufual for meteoro- 
logical obfervations), and (C) was armed with elaftic gum from 
the bulb to about half or three-quarters of an inch above the 
furface of the freezing mixture. 

The fmall defcent of the quickfilver in (C), and the little effect 
produced by moving it into a feeond mixture, made me at firlt 
apprehend the inftrument was damaged; I did not, however, 
take it out, but took another thermometer (AJi'.and put it alfo in 
the mixture; but I find it was ftationary at a higher degree than 
(C) : I therefore exchanged (A) for the mercurial thermometer 
(B), which to my great furprlze was ftationary at 8 6°, nor could 
it be got lower until- the cold of the mixture diminishing it fell 
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at once to 43 4°, and a few minutes afterwards (C) fell to 360°* 
Imagining that a new mixture would now bring it very low, I 
made another, but in the mean time the inftruments had rifen 
greatly, and after {binding in the frefli mixture (C) funk to 
374 , and (B) to 438 . I (hould have mentioned, that thefe mix- 
tures were double in quantity to thole ufed in the former experi- 
ments ; inflead of glafs tumblers, they were made in pint 
bafons. 

I ohferved alfo, that the mixtures feemed to grow thin fooner 
than common ; for I always made them of the confidence of 
pap. I added fnow at times, . to thicken it, but found it had 
very little eiTe£ty but rather decreafed the 'cold. It is with great 
diffidence I offer it as my opinion, that the temperature of the 
air was too cold, and that the quickfilver being nearly in a ftate 
of congelation before plunged into the mixture, was inflantly 
frozen on putting the inftruments into them ;- and as the quick-, 
filver in the- tubes mufj have been of the- fame temperature 
with -that in the bulbs of the thermometers -before the experi- 
mej^it, I fliould imagine, that w;hen the quickfilver in the bulb 
was frozen folld, it communicated an addition of cold to that in 
the tube, . and froze it alfo, which prevented its fubfiding as 
lifual ; for in other cafes,, the contra&ion of the quickfilver^ 
when folid in the bulb, was the caufe of the. quickfilver fub- 
fiding in the tube; but, then the latter was fluid, for' the cir- 
cumambient, air was warmer than the degree at which quickfil- 
ver freezes, and the increafed cold was applied only to the bulb* 
The obfervations made before the experiment began, as related 
in the beginning ,of thefe remarks, .{hew the quickfilver in the 
thermometer was congealing, and that (A) and ■ (C) were 

actually frozen. 

When 
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When I removed the thermometer (A) out of the -mixture at 
9 h. 5', I hung it up in the air, and have noted down, In ale- 
parate column on. the right-hand fide of the page, its appearances 

• correijponding to the times put down on" the other fide of the 
page* It is remarkable, that (A) and (C) have each. an air-bubble 

■ blown at the top ; but the thermometer (B) had none. 

Whilft the inftruments were ftatioftafy in the foregoing ex- 
periment, I put the apparatus (F) aixl.(G) feverally into the 
mixture ■ with : the others ; " the corifequence was ? that in two mi- 
nutes , the quickfilver in the cylinder was. frozen folid ; but as 

• there was a .difference' in the effed I fhail be more particular. 
At 9 h. 4'8 / .putin apparatus ;(F), when it frood in the air at 40 

•.or 4i°'belowo ; and at 9 h. 50' took it out frozen folid, and the 
••inclofed thermometer pointing ftill at 40° or .41°* 1 then hung 
:lt up in' the open air,- and looked at it only now and then. At 
■ro'h. 47' '(after being expofed to the air near an hour), 1 found, 
-.only a'fmall quantity of theTurface of the quickfilver was fluid, 
"the reft was. a frozen, globe refem'bling a "bail of polifhed filver; 

the thermometer inclofed was ftill at 40 . At 1 1 h. 4' I ' ob- 
served, a fegment of a globe of folid quickfilver ; in the infide was 

a concavity made," 1 fuppofed, by the bulb of the thermometer. 

The thermometer was ftill at 40% which undoubtedly is the 

■ freezing point of quickfilver, as in this in fiance part of it was 
. frozen f , and. part folid. I withdrew the thermometer,, poured 

out the fluid quickfilver, and returned the thermometer into the 
cylinder, fiiortly after which it was at $j° 9 and' the frozen feg- 
ment was then fluid. 

The, apparatus (G) was "hanging in the open air at 40°, and 
/put into the fame freezing mixture at ^h. 51', on which it 
. {link in flan tly to 2-10% at which degree it was ftationary at 

9 hu 
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9 ho 53^ when it was taken out of the mixture perfectly folid. At 
10I1. 6 ; 1 law it had fubfided into the bulb (I mean the quickfilver 
In the inclofed thermometer) which was the laft time I parti* 
oularly noticed it. It may be neceffary to mention, that find- 
ing the quickfilver in the enclofed thermometer fink inflan- 
taneoufly as foon as the apparatus was put into the freezing 
mixture, i took it out immediately, to view it, and replaced it 
in a few feconds of time, I found the quickfilver was- not 
yet folid, but was in frozen pieces of irregular fhapes, refem- 
bling ice that had been broken to pieces by concuffion in a pail 
of water, but with this remarkable: difference, that as ice fwims 
on the water/, the frozen- quickfilver fubfided in fluid- quickfilver^ 
and the fegment of -ice, mentioned a little before to be found 
in the thermometer (F) was alfo at the; bottom of -the cylinder*, 
and remained there after decanting; the. liquid quickfilver from. 
it. Hence we may conclude, that cold increafes the gravity 
of quickfilver, as indeed muft be the cafe, fince it, is certain.it* 
occupies lefs fpace in a folid than in a fluid ftate^,. 
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Making a frefli mixture* 

Removed the inftruments into the new mixture, 



Put in appaiatus (G)* 

G) funk into the bulb, quicksilver in the cy- 
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Examined (G) remains as the laft time* 



(G) remains ftill the fame, 



(G) remains in the bulb 3 quick* In the cylinder fluid. 
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Apparatus (G) as before; took it out entirely* 

Made a frefh mixture* 

Put the inilrumenta into the new mixtures- 



Found (C) has loll its bnlb in the former mixture. 



Remarks on the feventh experiment. 






rom the fixth experiment I was induced to think, that tire 
nearer the temperature of the atmofphere approached to the 
freezing point of quickfilver, fo that a great degree of cold 
might be communicated to the bulb of a thermometer and 
yet the quickfilver in the tube remain fluid* would, be the pro- 

pereft 



pcfcft time for afeertairiing in this manner to what degree 
quickfilver will contra$ by the application of cold. With this 
view this feventh experiment was made ; the feveral thermo- 
meters from A to H were as follows, before I began, A 38, 
15 36, C 33, D 24, £ 24I, F ^ G 33* H 37, Thofe ufed 
in the experiment were C, D and H. The firft was to (hew 
the defcent of the quickfilver ; and the two lad, which were 
fpirit thermometers, were employed to (hew the correfponding 
contractions of the two fubftances, quickfilver and alcohol. After 
above an hour's attendance on them, I was highly pleafed to 
fee the quickfilver fall to 1367 below the cypher, efpecially as I 
fuppofed, by changing the mixture for a frefh one, I fhould 
get it much lower ftilh I made another accordingly, and 
removed the In ft rumen ts into it. The quickfilver rofe, as wais 
common in changing the mixtures ; but after waiting a confi- 
derable time, without its defcending again, I recolle&ed Profeflqr 
BRAUN mentioning that his thermometers were always broken 
when below 6oo Q . This made me examine mine, and I found the 
bulb was broken and fallen off; and on a diligent fearch in the 
mixture, I could not find either quickfilver or the pieces of 
glafs ; I therefore conclude it had dropped off into the othqr 
mixture, which unluckily I had thrown away the moment be- 
fore, having occafion to ufe the bafon in decanting the prefect 
mixture : I have no doubt but it broke at the time the quick- 
filver fell fo rapidly. During the courfe of this experiment jl 
put the apparatus (G) into the freezing imixture ; in a minute's 
time the quickfilver in the inclofed thermpmeter had iuhfided 
into the bulb, and remained fo during the time it continued 
immerfed in the freezing mixture, which was about three 
quarters of an hour; but though the thermometer, which 
made part of the apparatus, {hewed fo great a degree of cold, 

*B b b 2 yet 
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yet the quickfilver in the cylinder was never frozen ; and indeed 
the fpirit thermometers, fufpended in the mixture, feemed to 
indicate, that there was not fufficient cold to freeze quickfilver, 
except at the beginning ; for I obferve, it is not effected at 40°^ 
without continuing fome time at that degree^ as appears very 
clearly from the third experiment,, 
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Made the freezing mixture. 

Put in the gallipot of quickfilver. 

Put thermometer (B) into the quickfilver. 



Put thermometer (A) into the freezing mixture. 
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Experiment. 



the Point of Mercurial Congelation, 
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'Thermometer (A) flipped into the gallipot con- 
taining the quickfilver, by accident ; replaced it.] 



; Put a fpirit thermometer into the mixture* 



Made another mixture; 
Took out the inftruments* 
Changed the mixture. 
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Put in the fpirit thermometer 



The defcent in the mercurial therm. wa$ fudden. 
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Stirred the mixture. 



Stirred the mixture* 
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This eighth experiment was made with a view to try, whe- 
ther quickfilver would freeze whilft in contact with the freezing 
mixture. For this purpofe I did not ufe the apparatus em* 
ployed in the other examples, but fubftituted another, by 
taking a gallipot made of flint ftone (as being thinner than 
the common fort) of about an ounce meafure, and filled it 
half full of quickfilver, into which I inferted the .mercurial 
thermometer (B) and employed the other mercurial thermome- 
ter (A) as an index, as before. I hoped by this means to deter- 
mine exaftly when the quickfilver was congealed, as I had free 
accefs to it at all times, which was not the cafe when inclofed 
in the cylindrical glafs, the worfted wound round the tube of 
the ivory thermometer to exclude the air, equally excluding any 
inftrument from being introduced to touch the quickfilver. I 
made a kind of fkewer, with a flat blunt point, of dried cedar 

wood. 
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wood for lightnefs, which I found would remain in the gela- 
tinous freezing mixture at any depth I chofe ; but when in- 
ferred into the quickfilver contained in the gallipot-, the great 
difproportion of gravity made it rebound upwards, and by the 
touch I could eafily perceive, by the refinance it met with, 
whether it proceeded from quickfilver in a fluid or congealed 
■ftate. The event did not anfwer my wifhes, for I could not 
find that the quickfilver was frozen in the lead* during the trial. 
Indeed the temperature of the air was not favourable, being 
under 20 below the cypher. The large quantity too of the 
quickfilver in the gallipot, as well as the thicknefs of that 
veflel, might both of them contribute to render the operation 
ojnfuccefsful ; yet, as the apparatus thermometer fhewed the 
fame degree ( - 40) as when quickfilver froze in the glafs cy- 
linder, I am of opinion it would congeal by this fimplc me- 
thod in very cold weather, and a long continued application of 
a proper degree of cold by the mixtures. 

Experiment IX. made February 22, 1782. 

Whilft 1 was attending on the preceding experiment (th# 
5th) and had removed the inftruments into a fecond mixture, 
the former one by this means being unemployed, I put into 
it a gallipot (the fame I ufed In the eighth experiment) with 
about three quarters of a pound of quickfilver, and let it re- 
main immerfed in the mixture a confiderable time (I fuppofe 
near half an hour), and -finding, by touching with a quill f 
that part of It was congealed, I drew the gallipot out, it being 
previously -flung with a firing, and decanted off the fuper- 
iMCumbent mixture and iiuid -qui^kiuver ; tiie remainder, about 
two-thirds of the whole -quantity, remained fblid in trie -gaili- 



the Point of Mercurial CongeUfmfh ^3&J 

pot ; the internal furface remained every where very rough and 
white, fhining like an old filver fpoon long in -ufe and having 
loft its polifh. Part of it became fluid in a few minutes | 
and imagining it afforded a fine opportunity of confirming 
what had before appeared to be the freezing point of quick- 
filver, I put a mercurial thermometer (F) which then flood 
at 34°, into the part of the quickfilver in the gallipot, which 
was juft thawed, and it fubfided dire&ly to - 4.0% and be- 
came ftationary. I repeated the fame with another inftru- 
ment, and the confequence was the fame, I then tried 
the fpirit thermometer (D) which became ftationary at 28°! ; 
and another fpirit thermometer (E) which I took out of 
the freezing mixture, where it was at 35°, and it rofe to 30 ; 
and by comparing the fpirit thermometers with mercurial ones, 
and alfo with another fpirit thermometer (H) it appears, that 
29 on the former is about equal to 40 on the fcale of both the 
latter. By the time thefe obfervations were taken, the frozen 
lump was loofened in the gallipot : I turned it out, and beat it 
with an hammer ; it yielded a dead found and flattened, but its 
cohefion was very weak; for, inftead of expanding into athin plate f 
as in other instance's when frozen in the bulb of a thermometer, 
it crurhbkd to pieces, and had not that polifh, which 1 had 
before conftantly obferved. I attributed thefe circumftances to 
the effed of the fpirit of nitre on the quickfilver* It thawed 
very foon after its parts were disjoined by the ftroke of the 
ham men 



Vol. LXXI1I. *C c c Expc- 



^368 Mr* hutch ins V Experiments for afcer taking 

Experiment X. made January 26, 1782* 

Quickfihcr frozen by the natural cold in HudforCs Bay* 

Thefubjeft of this curious- phenomenon, was.quickfilver. put 
into a common twojounce phial, and corked. The phial was 
about a third part full, and had been constantly {landing by the 
thermometer for. a month pafl. At eight o'clock this morning; 
I obferved -it was frozen rather more than a quarter of an inch 
thick round the fides and bottom of the ohiah the middle part 
continuing fluid. As this., was a certain method to find the 
point of congelation, I introduced the merciirial thermometer 
(F) and the fpirit thermometer (D) into the fluid part, after 
breaking. off the top of the phial, and they rofe dire&ly and 
became flatipnary ; the former at 40° or 40°!, the latter at 
29°!, both below the cypher. Having taken thefe out, I put in 
two others, (G) and (E) ; the former became flationary at 4.0 , 
the latter at 30V I then decanted the fluid quickfiiver, to exa- 
mine the internal furface of the frozen quickfiiver, which 
proved very uneven, with many radii going acrofs; fome;o£ 
thefe refembled pins with heads. Urgent bufinefs called me 
away an hour. On my return I found a. .{ball portion only 
had liquified in my abfence. I then broke the phial entirely* 
and with a hammer repeatedly flruck the quickfiiver. It beat 
out flat, yielded a deadifh found, and became fluid in lefs than, 
a minute afterwards. I fhould have mentioned, that I brought 
the thermometer (F) into a room, where it rofe to 55 above 
the cypher, and then let it cool again in the open air 9 before I 
put it into the frozen quickfiiver. My reafon was, for fear the 
quickfiiver in the thermometer fliould be frozen £0 as to render 

2 th® 
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the obfervation uncertain ; but I did not obferve it differed 
hvy thing of confequence from (G) which was not taken in, 
but put dire&ly into the phial* By the comparative obferva- 
tions of the feveral thermometers it appears, that 30° on the 
fcaie of the fpirit thermometers (D) and (E) is about equal to 
4o ot 41 on my ftandard fpirit thermometer (H). The fol- 
lowing was the (late of theinftruments that morning, 
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It may be worth remarking, that the quickiilver in the ther- 
mometer (B) which had been very near 500% and was then at 
444°, very readily run up and down the tube by elevating, 
either end of the inftrument.. 
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EXPLANATION OF PLATE VII. 

Fig. i. The thermometer feen in front* 

A. The ftem and bulb reaching below the fcale. 

B, B* Worfted wrapped round the item, in order to keep 
it fteady in the cylinder, and prevent the accefs of air. 

Fig, 2. The cylinder, fwelled at bottom, to hold the quick- 
filver to be frozen. 

Fig, 3. A fe&ion of the whole apparatus when put toge- 
ther, fhewing in what manner the thermometer is inferted and 
retained in the cylinder. This fefitlon is perpendicular to the 
fcale of the thermometer* 
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